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(54) Laser apparatus 

(57) A laser apparatus includes a master laser for 
emitting reference laser pulse light RPref having a 
wavelength of 914 nm and a pulse width of 0.5 ns; a 
microlens array for dividing the reference laser pulse 
light RPref into N pieces of light; optical fiber amplifiers 
14-1 to 14-N being set to increase their length progres- 
sively in that order so as to have a propagation delay 
time of 0.5 ns, which is the pulse width of the divided 
pieces of reference laser pulse light DRPrefl to DRPre- 



fN; a third harmonic generating unit for receiving the di- 
vided pieces of reference laser pulse light on which am- 
plifying and delaying effects have been produced, and 
generating third harmonics TRD1 to TRDN having a 
wavelength of 305 nm and a pulse width of 0.5 ns; and 
an illuminating optical system for successively dispos- 
ing the N third harmonics TRD1 to TRDN in parallel with 
each other, subjecting the N third harmonics TRD1 to 
TRDN to time multiplexing, and emitting the result. 



FIG.1 



CM 
< 

m 

CM 



Q_ 

LU 



f — | I — 15-N 



10 



16-N 



16-2— 

12 13-1 

- n \ 13 DRP,.« 

121 122 I UDRPr.f 





13-N DRP,fN V ^ 
141 



14-N 



Printed by Jouve, 75001 PARIS (FR) 



BNSDOCID: <EP 1241745A2J_> 



1 EP 1 241 745 A2 2 



Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a laser appa- 
ratus, and particularly to a laser apparatus suitable for' 
annealing treatment performed for improvement of 
characteristics during the manufacturing of TFTs (Thin 
Film Transistors) used as an active device for controlling 
current and a switching device of each pixel in an active 
matrix display employing liquid crystal or an organic 
electroluminescence (EL) device, for example. 
[0002] Generally, an active matrix display has a large 
number of pixels arranged in a matrix manner, and dis- 
plays an image by controlling light intensity of each of 
the pixels according to given brightness information. 
[0003] When liquid crystal is used as electro-optical 
material, transmissivity of each pixel is changed accord- 
ing to voltage written to the pixel. 

[0004] An active matrix display using an organic EL 
device as electro-optical material basically operates in 
the same manner as when liquid crystal is used as elec- 
tro-optical material. 

[0005] In a liquid crystal display (LCD), for example, 
a TFT is used as a switching device of each pixel to ap- 
ply voltage to a liquid crystal layer on a display electrode. 
The TFT controls alignment of the liquid crystal and 
thereby controls transmission of backlight from the back 
side of a glass substrate. 

[0006] Liquid crystal displays and the like use quartz 
glass having resistance to a high heat temperature of 
1000°C as the glass substrate. Since the quartz sub- 
strate is expensive, however, inexpensive glass having 
resistance to a low heat temperature of 600°C has re- 
cently been used. 

[0007] Thus, process temperatures in TFT fabrication 
are controlled below the heat temperature that the sub- 
strate can resist. Polycrystalline silicon (polysilicon) has 
a carrier mobility higher than that of amorphous silicon 
(a-Si) film by about two orders of magnitude, and there- 
fore is suitable for use in a large display having a high 
operating speed and having a large number of pixels. 
[0008] When polysilicon is to be formed on a glass 
substrate, a method is used which anneals a-Si film by 
laser light to recrystalllze the a-Si film into polysilicon 
film, to avoid thermal deformation and the like of the 
glass substrate. 

[0009] Conventionally, a XeCI excimer laser having 
an oscillation wavelength of 308 nanometers (nm) is 
used in a laser annealing apparatus for carrying out the 
annealing treatment. 

[0010] According to known materials of Lambda 
Physik, the fluence required to anneal a TFT using the 
XeCI excimer laser having the oscillation wavelength of 
308 nm is a few hundred mJ/cm 2 ; the average output 
power is 200 W; the repetition frequency is 300 Hz; and 
the pulse width is about 20 nanoseconds (ns). 
[001 1 ] This makes it possible to obtain optical energy 



sufficient to melt an a-Si film surface. Incidentally, the 
silicon surface is melted by annealing to 1 420°C or high- 

. er. 

[0012] Although the excimer laser can achieve a high 
5 output in a short-wavelength range, however, the exci- 
mer laser has disadvantages of having a large appara- 
tus size and lacking in stability of output pulses. 
[0013] As a result, the annealing apparatus becomes 
large and lacks in stability of annealing processing. 
10 Thus, there has been a desire for development of a laser 
apparatus having a smaller size and producing stable 
output pulses. 

SUMMARY OF THE INVENTION 

15 

[001 4] It is accordingly an object of the present inven- 
tion to provide a laser apparatus that can be miniatur- 
ized and can stabilize output pulses, and accordingly 
makes it possible to miniaturize and stabilize annealing 

20 apparatus and the like. 

[0015] In order to achieve the above object, according 
to a first aspect of the present invention, there is provid- 
ed a laser apparatus including: a laser light source for 
emitting reference laser pulse light having a predeter- 

25 mined wavelength and a predetermined pulse width; a 
plurality of optical fibers having different propagation de- 
lay characteristics for propagating light; light dividing 
means for dividing the reference laser pulse light emit- 
ted from the laser light source into a plurality of pieces 

30 of light to propagate each of the divided pieces of refer- 
ence laser pulse light through one of the plurality of op- 
tical fibers; and light combining means for successively 
disposing the divided pieces of reference laser pulse 
light propagated through the plurality of optical fibers 

35 and emitted from the plurality of optical fibers in parallel 
with each other and emitting laser pulse light having a 
pulse width greaterthan the pulse width of the reference 
laser pulse light. 

[0016] Also, in the laser apparatus according to the 

40 first aspect of the present invention, the light combining 
means includes: wavelength changing means, for 
changing wavelength of the divided pieces of reference 
laser pulse light emitted from the plurality of optical fib- 
ers to a wavelength shorter than the predetermined 

45 wavelength; and an optical system for successively dis- 
posing the plurality of pieces of laser pulse light changed 
in wavelength by the wavelength changing means in 
parallel with each other and emitting laser pulse light 
having a pulse width greater than the pulse width of the 

50 reference laser pulse light. 

[0017] In addition, in the laser apparatus according to 
the first aspect of the present invention, the wavelength 
changing means includes at least one nonlinear optical 
crystal for generating an n-order harmonic (n is an inte- 

55 ger of two or more) on the basis of incident light. 

[0018] Preferably the wavelength changing means 
includes: 



BNSDOCID: <EP 1241745A2 J_> 



3 



EP 1 241 745 A2 



4 



a first nonlinear optical crystal tor receiving the di- 
vided pieces of reference laser pulse light emitted 
from the plurality of optical fibers, generating a plu- 
rality of second harmonics, and emitting the plurality 
of divided pieces of reference laser pulse light and , 5 
the plurality of second harmonics; and a second 
nonlinear optical crystal for generating third har- 
monics on the basis of the plurality of divided pieces . 
of reference laser pulse light and the plurality of sec- 
ond harmonics emitted from the first nonlinear op- io 
tical crystal; and the optical system successively 
disposes the plurality of third harmonics emitted 
from the second nonlinear optical crystal in parallel 
with each other and emits laser pulse light having a 
pulse width greater than the pulse width of the ref- 15 
erence laser pulse light. 

[0019] Moreover, in the laser apparatus according to 
the first aspect of the present invention, the plurality of 
optical fibers are each set at a different propagation 20 
length so that the pieces of laser pulse light are sequen- 
tially emitted with a propagation delay time correspond- 
ing to the pulse width of the reference laser pulse light. 
[0020] According to a second aspect of the present 
invention, there is provided a laser apparatus including: 25 

a laser light source for emitting reference laser 
pulse light having a predetermined wavelength and 
a predetermined pulse width; a plurality of optical 
fiber amplifiers having different propagation delay 30 
characteristics for propagating light for amplifying 
the propagating light with a gain corresponding to 
intensity of excitation light supplied thereto; excita- 
tion light supplying means for supplying the excita- 
tion light to the plurality of optical fiber amplifiers; 35 
light dividing means for dividing the reference laser 
pulse light emitted from the laser light source into a 
plurality of pieces of light to propagate each of the u 
divided pieces of reference laser pulse light through 
one of the plurality of optical fiber amplifiers; and *o 
light combining means for successively disposing 
the divided pieces of reference laser pulse light 
propagated through the plurality of optical fiber am- 
plifiers and emitted from the plurality of optical fiber 
amplifiers in parallel with each other and emitting *s 
laser pulse light having a pulse width greater than 
the pulse width of the reference laser pulse light. 

[0021] Also, in the laser apparatus according to the 
second aspect of the present invention, the light com- 50 
bining means includes: wavelength changing means for 
changing wavelength of the divided pieces of reference 
laser pulse light emitted from the plurality of optical fiber 
amplifiers to a wavelength shorter than the predeter- 
mined wavelength; and an optical system for succes- 55 
sively disposing the plurality of pieces of laser pulse light 
changed in wavelength by the wavelength changing 
means in parallel with each other and emitting laser 



pulse light having a pulse width greater than the pulse 
width of the reference laser pulse light. 
[0022] In addition, in the laser apparatus according to 
the second aspect of the present invention, the wave- 
length changing means includes at least one nonlinear 
optical crystal for generating an n-order harmonic (n is 
an integer of two or more) on the basis of incident light. 
[0023] Preferably the wavelength changing means 
includes: a first nonlinear optical crystal for receiving the 
divided pieces of reference laser pulse light emitted from 
the plurality of optical fiber amplifiers, generating a plu- 
rality of second harmonics, and emitting the plurality of 
divided pieces of reference laser pulse light and the plu- 
rality of second harmonics; and a second nonlinear op- 
tical crystal for generating third harmonics on the basis 
of the plurality of divided pieces of reference laser pulse 
light and the plurality of second harmonics emitted from 
the first nonlinear optical crystal; and the optical system 
successively disposes the plurality of third harmonics 
emitted from the second nonlinear optical crystal in par- 
allel with each other and emits laser pulse light having 
a pulse width greater than the pulse width of the refer- 
ence laser pulse light. 

[0024] Moreover, in the laser apparatus according to 
the second aspect of the present invention, the plurality 
of optical fiber amplifiers are each set at a different prop- 
agation length so that the pieces of laser pulse light are 
sequentially emitted with a propagation delay time cor- 
responding to the pulse width of the reference laser 
pulse light. 

[0025] Furthermore, in the laser apparatus according 
to the second aspect of the present invention, intensity 
of the excitation light supplied to the plurality of optical 
fiber amplifiers is set at a desired value for each of the 
plurality of optical fiber amplifiers. 
[0026] According to the present invention, the laser 
light source emits reference laser pulse light having a 
predetermined wavelength, for example a near-infrared 
wavelength of 914 nm and a pulse width of 0.5 ns to the 
light dividing means. 

[0027] The light dividing means divides the reference 
laser pulse light entered therein into a plurality of pieces 
of light to propagate the divided pieces of reference la- 
ser pulse light through the plurality of optical fiber am- 
plifiers, for example. 

[0028] Each of the optical fiber amplifiers is supplied 
with the excitation light by the excitation light supplying 
means, for example. Each of the divided pieces of ref- 
erence laser pulse light being propagated through the 
optical fiber amplifiers is amplified with an induction gain 
corresponding to intensity of the excitation light to com- 
pensate for a reduction in optical power caused by di- 
viding the reference laser pulse light, and then the di- 
vided pieces of reference laser pulse light are emitted 
from the other end surfaces of the optical fiber amplifiers 
to the light combining means. 

[0029] The plurality of optical fiber amplifiers are pro- 
vided with propagation delay characteristics different 
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from each otherforthe divided pieces of reference laser 
pulse light, or the propagating light. 
[0030] For example, the plurality of optical fiber am- 
plifiers are each set at a length such that the pieces of 
laser pulse light are sequentially emitted with a propa- 5 
gation delay time corresponding to the pulse width of 
the reference laser pulse light. 

[0031] Thus, the plurality of divided pieces of refer- 
ence laser pulse light are emitted from the plurality of 
optical fiber amplifiers to the light combining means with 10 
a timing relation representing a shift of 0.5 ns, for exam- 
ple. 

[0032] In the light combining means, the first nonline- 
ar optical crystal, for exam pie,. changes the wavelength, 
which is 91 4 nm, of each of the plurality of divided pieces 15 
of reference laser pulse light incident thereon on the ba- 
sis of nonlinear polarization to thereby generate second 
harmonics having a wavelength of 457 nm. 
[0033] The plurality of second harmonics generated 
by the first nonlinear optical crystal and the plurality of 20 
divided pieces of reference laser pulse light are entered 
into the second nonlinear optical crystal. 
[0034] The second nonlinear optical crystal then per- 
forms sum frequency mixing of the plurality of divided 
pieces of reference laser pulse light having the wave- 25 
length of 914 nm and the plurality of second harmonics 
having the wavelength of 457 nm entered therein, there- 
by generates a plurality of third harmonics having a 
wavelength of 305 nm, and then emits the plurality of 
third harmonics to the optical system. 30 
[0035] Then, the optical system successively dispos- 
es the plurality of third harmonics in parallel with each 
other and emits laser pulse light having a pulse width 
greater than the pulse width of the reference laser pulse 
light. 35 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] 

40 

Fig. 1 is a configuration diagram showing an em- 
bodiment of a laser apparatus according to the 
present invention; 

Fig. 2 is a diagram showing an example of config- 
uration of a master laser as a laser light source ac- 43 
cording to the present invention; 
Fig. 3 is a diagram showing a timing relation be- 
tween pieces of pulse light emitted from a plurality 
of optical fiber amplifiers having different propaga- 
tion delay characteristics according to the present so 
invention; 

Fig. 4 is a diagram of assistance in explaining struc- 
ture of a doubly clad type optical fiber; 
Fig. 5 is a diagram of assistance in explaining prop- 
agating optical paths of excitation light and divided 55 
reference laser pulse light in the doubly clad type 
optical fiber; 

Fig. 6 is a diagram showing a concrete example of 



configuration of a third harmonic generating unit 
and an illuminating optical system according to the 
present embodiment; 

Fig. 7 is a diagram of assistance in explaining char- 
acteristics of third harmonics generated by the laser 
apparatus according to the present embodiment; 
Fig. 8 is a diagram of an equivalent circuit of a pixel 
using an organic EL device: 
Fig. 9 is a sectional view of main parts of the pixel 
using the organic EL device; 
Fig. 10 is a temperature profile when a-Si is irradi- 
ated with pulse light having a pulse width of 0.5 ns 
at 100 mJ/cm 2 ; 

Fig. 11 is a temperature profile when a-Si is irradi- 
ated with pulse light having a pulse width of 10 ns 
at 100 mJ/cm 2 ; 

Fig. 12 is a diagram of assistance in explaining an 
example of use of the laser apparatus in Fig. 1 ; 
Fig. 13 is a diagram of assistance in explaining an- 
other example of use of the laser apparatus in Fig. 
1; 

Fig. 14 is a diagram of assistance in explaining a 
configuration for generating an arbitrary annealing 
pulse waveform as an envelope curve obtained by 
adjusting amplitude and delay time of each pulse 
train; and 

Fig. 1 5 is a diagram showing an example of a pulse- 
train envelope curve obtained by adjusting ampli- 
tude and delay time of each pulse train. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0037] Fig. 1 is a configuration diagram showing an 
embodiment of a laser apparatus according to the 
present invention. 

[0038] The laser apparatus 1 0 has a master laser 1 1 
as a laser light source, a beam expander 1 2, a microlens 
array 13, a plurality of N optical fiber amplifiers 14-1 to 
14-N having different propagation delay characteristics 
for propagating light, fiber coupled type excitation laser 
light sources 15-1 to 15-N, excitation light propagating 
optical fibers 16-1 to 16-N, a third harmonic generating 
unit 17 as wavelength changing means, and an illumi- 
nating optical system 18. 

[0039] The beam expander 12 and the microlens ar- 
ray 13 form light dividing means. The third harmonic 
generating unit 17 and the illuminating optical system 
1 8 form light combining means. The excitation laser light 
sources 15-1 to 15-N, the excitation light propagating 
optical fibers 16-1 to 16-N, and optical fiber couplers 
141-1 to 141-N, which will be described later, form ex- 
citation light supplying means. 

[0040] The master laser 1 1 is formed by a near-infra- 
red microchip laser having an oscillation wavelength of 
914 nm, for example. The master laser 11 emits refer- 
ence laser pulse light RPref having a wavelength of 914 
nm and a pulse width of 0.5 ns to the beam expander 12. 
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[0041] A pulse repetition frequency of the master la- 
ser 11 is 1 MHz or more, for example, and is sufficiently 
higher than a pulse repetition frequency of a XeCI exci- 
mer laser of 300 Hz. 

[0042] Fig. 2 is a diagram showing an example of con- 
figuration of the master laser 11. 
[0043] As shown in Fig. 2, the master laser 1 1 has: an 
excitation light source 111 for emitting excitation light 
PMP with an output power of 1 00 m W and a wavelength 
of 808 nm, for example; a dichroic mirror 1 1 2 for reflect- 
ing the excitation light PMP having the wavelength of 
808 nm and transmitting the reference laser pulse light 
RPref having the wavelength of 914 nm; and a resonator 
unit 1 1 3 for emitting the reference laser pulse light RPref 
having the wavelength of 91 4 nm and the pulse width of 
0.5 ns to the dichroic mirror 112 by being brought into 
an excited state in response to the excitation light PMP 
reflected by the dichroic mirror 112. 
[0044] The resonator unit 1 1 3 is formed by a laser rod 
1131 including Nd:YV0 4 , for example, and a semicon- 
ductor supersatu ration absorber mirror 1 1 32 and an out- 
put mirror 1133 each formed at an end surface portion 
of the laser rod 1131 . 

[0045] The beam expander 12 is formed by two lens- 
es 121 and 122 having a coinciding focal length. The 
beam expander 12 converts the reference laser pulse 
light RPref in the form of a thin collimated light beam 
emitted from the master laser 1 1 into a thick collimated 
light beam, and then enters the thick collimated light 
beam into the microlens array 13. 
[0046] The microlens array 13 has N microlenses 

13- 1 to 13-N disposed in a line in an entrance area of 
the reference laser pulse light RPref converted into the 
thick collimated light beam by the beam expander 12.. 
The microlenses 13-1 to 13-N split (hereinafter referred 
to as "divide") the reference laser pulse light RPref into 
N pieces of light (images), and focus the divided pieces 
of reference laser pulse light DRPrefl to DRPrefN on 
one end surface of the corresponding optical fiber am- 
plifiers 14-1 to 14-N, respectively, to thereby propagate 
the divided pieces of reference laser pulse light DRPrefl 
to DRPrefN through the optical fiber amplifiers 14-1 to 

14- N, respectively. 

[0047] Specifically, as shown in Fig. 1 , the microlens 

13- 1 focuses the divided reference laser pulse light 
DRPrefl on one end surface of the optical fiber amplifier 

14- 1. Similarly, the microlens 13-2 focuses the divided 
reference laser pulse light D RPref 2 on one end surface 
of the optical fiber amplifier 14-2. The microlens 13-3 
focuses the divided reference laser pulse light DRPref3 
on one end surface of the optical fiber amplifier 14-3. 
The microlens 13-N focuses the divided reference laser 
pulse light DRPrefN on one end surface of the optical 
fiber amplifier 14-N. 

[0048] The optical fiber amplifiers 14-1 to 14-N are 
each formed by a doubly clad type optical fiber to which 
a rare-earth element of neodymium (Nd), for example, 
is added. 



[0049] One end portion of the excitation light propa- 
gating optical fibers 1 6-1 to 1 6-N each formed by a mul- 
timode optical fiber is fused and thus optically coupled 
to one end surface side of the optical fiber amplifiers 

5 14-1 to 14-N to form an optical fibercoupler portion 141 . 
[0050] Specifically, one end portion of the optical fiber 
1 6-1 is fused and coupled to one end surface side of the 
optical fiber amplifier 14-1 to form an optical fibercou- 
pler 141-1. The optical fiber amplifier 14-1 is brought into 

10 an excited state by excitation light having a wavelength 
of 808 nm which excitation light is propagated via the 
optical fiber coupler 141-1 , amplifies the divided refer- 
ence laser pulse light DRPrefl entering the optical fiber 
. .amplifier 14-1 from one end surface thereof with an in- 

15 duction gain corresponding to intensity of the excitation 
light to compensate for a reduction in optical power 
caused by dividing the reference laser pulse light 
DRPrefl, and then emits the divided reference laser 
pulse light DRPrefl from the other end surface of the 

20 optical fiber amplifier 14-1 to the third harmonic gener- 
ating unit 17. 

[0051] Similarly, one end portion of the optical fiber 
1 6-2 is fused and coupled to one end surface side of the 
optical fiber amplifier 14-2 to form an optical fiber cou- 

25 pier 141-2. The optical fiber amplifier 1 4-2 is brought into 
an excited state by excitation light having a wavelength 
of 808 nm which excitation light is propagated via the 
optical fiber coupler 141-2, amplifies the divided refer- 
ence laser pulse light DRPref2 entering the optical fiber 

30 amplifier 14-2 from one end surface thereof with a gain 
corresponding to intensity of the excitation light to com- 
pensate for a reduction in optical power caused by di- 
viding the reference laser pulse light RPref, further am- 
plifies the divided reference laser pulse light DRPref2 

35 with again by a maximum of 30 to 40 dB, andthen emits 
the divided reference laser pulse light DRPref2 from the 
other end surface of the optical fiber amplifier 14-2 to 
the third harmonic generating unit 17. 
[0052] One end portion of the optical fiber 16-3 is 

40 fused and coupled to one end surface side of the optical 
fiber amplifier 1 4-3 to form an optical fiber coupler 141-3. 
The optical fiber amplifier 1 4-3 is brought into an excited 
state by excitation light having a wavelength of 808 nm 
which excitation light is propagated via the optical fiber 

45 coupler 141-3, amplifies the divided reference laser 
pulse light DRPref3 entering the optical fiber amplifier 
14-3 from one end surface thereof with a gain corre- 
sponding to intensity of the excitation light to compen- 
sate for a reduction in optical power caused by dividing 

so the reference laser pulse light RPref, further amplifies 
the divided reference laser pulse light DRPref3 by a 
maximum of 30 to 40 dB, and then emits the divided 
reference laser pulse light DRPref3 from the other end 
surface of the optical fiber amplifier 14-3 to the third har- 

55 monic generating unit 1 7. 

[0053] One end portion of the optical fiber 1 6-N is 
fused and coupled to one end surface side of the optical 
fiber amplifier 14-N to form an optical fiber coupler 
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141-N. The optical fiber amplifier 14-N is brought into 
an excited state by excitation light having a wavelength 
of 808 nm which excitation light is propagated via the 
optical fiber coupler 141-N, amplifies the divided refer- 
ence laser pulse light DRPrefN entering the optical fiber 
amplifier 1 4-N from one end surface thereof with a gain 
corresponding to intensity of the excitation light to com- 
pensate for a reduction in optical power caused by di- 
viding the reference laser pulse light RPref , further am- 
plifies the divided reference laser pulse light DRPrefN 
by a maximum of 30 to 40 dB, and then emits the divided 
reference laser pulse light DRPrefN from the other end 
surface of the optical fiber amplifier 1 4-N to the third har- 
monic generating unit 17. 

[0054] The N optical fiber amplifiers 1 4-1 to 1 4-N with 
such an amplifying function have propagation delay 
characteristics different from each other for the propa- 
gating light, that is, the divided reference laser pulse 
light. . 

[0055] In the present embodiment, the different prop- 
agation delay characteristics are given as follows. 
[0056] In the present embodiment, propagation delay 
is provided by rendering lengths of the N optical fibers 
different from each other. 

[0057] Thus, delay time is determined by the fiber 
length, and therefore very accurate delay time can be 
achieved. 

[0058] Incidentally, letting an index of refraction of a 
fiber be n = i.5 and a fiber length difference be AL, prop- 
agation delay time Tdly is given by the following equa- 
tion: 

[Equation 1] 
Propagation delay time Tdly 

= nAL/c = t = 0.5 ns (1) 

[0059] From the equation (1 ), AL = ct/n = 1 0 cm , where 
c = 3 x 1 0 8 m/s is the velocity of light. 
[0060] Specifically, when it is assumed that length of 
the optical fiber amplifier 1 4-1 is L1 , length L2 of the op- 
tical fiber amplifier 1 4-2 is set at (L1 + 10 cm); length L3 
of the optical fiber amplifier 1 4-3 is set at (12 + 1 0 cm = 
L1 + 20 cm); and length LN of the optical fiber amplifier 
1 4-N is set at (LN-1 + 1 0 cm = L1 + (N-1 ) x 1 0 cm). 
[0061] it is relatively easy to achieve such a fiber 
length difference of 1 0 cm in manufacturing. 
[0062] The divided pieces of reference laser pulse 
light DRPref 1 to DRPrefN having a pulse width of 0;5 ns 
are emitted from the optical fiber amplifiers 1 4-1 to 14-N 
provided with the propagation delay as described above 
with a timing relation representing a shift of 0.5 ns as 
shown in Fig. 3. 

[0063] The doubly clad type optical fiber 20 has a 

structure as shown in Fig. 4, for example. 

[0064] Specifically, as shown in Fig. 4, the doubly clad 



type optical fiber 20 is formed by a core 21 having an 
index of refraction n1 , a first cladding 22 having an index 
of refraction n2 formed so as to cover the core 21 , and 
a second cladding 23 formed so as to cover the first clad- 
5 ding 22. 

[0065] The index of refraction n1 of the core 21 , the 
index of refraction n2 of the first cladding 22, and the 
index of refraction n3 of the second cladding 23 satisfy 
the following relation: 

10 

[Equation 2] 
n1 > n2 > n3 

15 

[0066] As shown in Fig. 5, in the doubly clad type op- 
tical fiber amplifiers 14-1 to 14-N having such a struc- 
ture, the excitation light PMP entering via the optical fib- 
er couplers 141-1 to 141-N is propagated through the 
20 first cladding 22, while the divided pieces of reference 
laser pulse light DRPrefl to DRPrefN are propagated 
through the core 21 . 

[0067] The fiber coupled type excitation laser light 
source 15-1 focuses the excitation light having a wave- 

25 length of 808 nm on the other end surface of the optical 
fiber 1 6-1 at a predetermined output power, for example ' 
8 W, to propagate the excitation light. 
[0068] Similarly, the fiber coupled type excitation laser 
light source 15-2 focuses the excitation light having a 

30 wavelength of 808 nm on the other end surface of the 
optical fiber 16-2 at a predetermined output power, for 
example 8 W, to propagate the excitation light. 
[0069] The fiber coupled type excitation laser light 
source 15-3 focuses the excitation light having a wave- 

35 length of 808 nm on the other end surface of the optical 
fiber 1 6-3 at a predetermined output power, for example 
8 W, to propagate the excitation light. 
[0070] The fiber coupled type excitation laser light 
source 1 5-N focuses the excitation light having a wave- 

40 length of 808 nm on the other end surface of the optica! 
fiber 1 6-N at a predetermined output power, for example 
8 W, to propagate the excitation light. 
[0071 ] The third harmonic generating unit 1 7 receives 
the divided pieces of reference laser pulse light DRPrefl 

45 to DRPrefN having a wavelength of 914 nm em ittedfrom 
the other end surfaces of the N optical fiber amplifiers 
1 4-1 to 1 4-N, generates third harmonics TRD1 to TRDN 
having a wavelength of 305 nm and a pulse width of 0.5 
ns, and then emits the third harmonics TRD1 to TRDN 

so to the illuminating optical system. 

[0072] The illuminating optical system 1 8 emits pulse 
light obtained by successively disposing N pieces of la- 
ser pulse light of the third harmonics TRD1 to TRDN ob- 
tained by wavelength conversion by the third harmonic 

55 generating unit 17 in parallel with each other and then 
subjecting the N pieces of laser pulse light to so-called 
time multiplexing, the obtained pulse light having a pulse 
width (for example 10 nsec) N or more times the pulse 
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width of 0.5 ns of the reference laser pulse light RPref. 
[0073] A concrete example of configuration of the 
third harmonic generating unit 17 and the illuminating 
optical system 1 8 will be described in the following with 
reference to Fig. 6. 5 
[0074] Fig. 6 is a diagram showing a concrete exam- 
ple of configuration of the third harmonic generating unit 
and the illuminating optical system according to the 
present invention. 

[0075] The configuration of the third harmonic gener- 10 
ating unit 17 will first be described. 
[0076] As shown in Fig. 6, the third harmonic gener- 
ating unit 1 7 has a first microlens array 1 71 , a first non- 
linear optical crystal 1 72, a second microlens array 1 73, 
a half-wave plate 1 74, a third m icrolens array 1 75, a sec- is 
ond nonlinear optical crystal 1 76, and a fourth microlens 
array 1 77. 

[0077] The first microlens array 1 71 has N microlens- 
es 1 71 -1 to 1 71 -N disposed in a line so as to correspond 
to the end surfaces (other end surfaces) of the optical 
fiber amplifiers 14-1 to 14-N for emitting the divided piec- 
es of reference laser pulse light DRPrefLto DRPrefN. 
The microlenses 171-1 to 171-N condense the divided 
pieces of reference laser pulse light DRPrefl to DRPre- 
fN, and enter the resulting pieces of reference laser 
pulse light DRPrefl to DRPrefN into the first nonlinear 
optical crystal 172. ' 

[0078] Incidentally, though not shown inthefigure, the 
end surface (other end surface) sides of the optical fiber 
amplifiers 14-1 to 14-N for emitting the divided pieces 
of reference laser pulse light DRPrefl to DRPrefN are 
fixed in a V-groove array having N V-grooves, for exam- 
ple. 

[0079] The first nonlinear optical crystal 1 72 is formed 
by LBO (LiB 3 0 5 ), for example. The first nonlinear optical 
crystal 1 72 converts the wavelength (or optical frequen- 
cy), which wavelength is 914 nm : of each of the divided 
pieces of reference laser pulse light DRPrefl to DRPre- 
fN entered via the first microlens array. 1 71 on the basis 
of nonlinear polarization, thereby generating second 
harmonics having a wavelength of 457 nm, and emits 
the generated second harmonics SND1 to SNDN and 
the divided pieces of reference laserpulse light DRPrefl 
to DRPrefN to the second microlens array 1 73. 
[0080] The second microlens array 1 73 has N micro- 
lenses 1 73-1 to 1 73-N disposed in a line so as to corre- 
spond to the end surface (other end surface) portions of 
the first nonlinear optical crystal 1 72 for emitting the di- 
vided pieces of reference laser pulse light DRPrefl to 
DRPrefN and the second harmonics SND1 to SNDN. 
The microlenses 173-1 to 173-N convert the divided 
pieces of reference laser pulse light DRPrefl to DRPre- 
fN and the second harmonics SND1 to SNDN into col- 
limated light beams, and then enter the collimated light 
beams into the half-wave plate 1 74. 
[0081] Of the divided pieces of reference laser pulse 
light DRPrefl to DRPrefN and the second harmonics 
SND1 to SNDN entered via the second microlens array 
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173, the half -wave plate 174 preserves planes of polar- 
ization of the divided pieces of reference laserpulse light 
DRPrefl to DRPrefN as they are, rotates planes of po- 
larization of the second harmonics SND1 to SNDN by 
90° , and then enters the divided pieces of reference la- 
ser pulse light DRPrefl to DRPrefN and the second har- 
monics SND1 to SNDN into the third microlens array 
175. 

[0082] The third microlens array 1 75 has N microlens- 
es 1 75-1 to 1 75-N disposed in a line so as to correspond 
to the end surface (other end surface) portions of the 
half-wave plate 1 74 for emitting the divided pieces of 
reference laser pulse light DRPrefl to DRPrefN and the 
second harmonics SND1 to SNDN whose planes of po- 
larization are rotated by 90° . The microlenses 175-1 to 
175-N condense the divided pieces of reference laser 
pulse light DRPrefl to DRPrefN and the second har- 
monics SND1 to SNDN, and enter the divided pieces of 
reference laser pulse light DRPrefl to DRPrefN and the 
second harmonics SND1 to SNDN into the second non- 
linear optical crystal 176. 

[0083] The second nonlinear optical crystal 176 is 
formed by LBO (LiB 3 0 5 ), for example. The second non- ' 
linear optical crystal 176 performs sum frequency mix- 
ing of the divided pieces of reference laser pulse light 
DRPrefl to DRPrefN having the wavelength of 914 nm 
and the second harmonics SND1 to SNDN having the 
wavelength of 457 nm entered via the third microlens 
array 175, thereby generating third harmonics having a 
wavelength of 305 nm, and emits the generated third 
harmonics TRD1 to TRDN (and the divided pieces of 
reference laser pulse light DRPrefl to DRPrefN) to the 
fourth microlens array 1 77. 

[0084] The fourth microlens array 177 has N micro- 
lenses 177-1 to 177-N disposed in a line so as to corre- 
spond to the end surface (other end surface) portions of 
the second nonlinear optical crystal 1 76 for emitting the 
third harmonics TRD1 to TRDN (and the divided pieces 
of reference laser pulse light DRPrefl to DRPrefN). The 
microlenses 1 77-1 to 1 77-N convert the third harmonics 
TRD1 to TRDN into collimated light beams, and then 
emit the collimated light beams to the illuminating optical 
system 18 in the next stage. 

[0085] Incidentally, it is desirable in practice that an 
optical filter for removing the components of the wave- 
length of 914 nm be disposed on the entrance side or 
the emitting side of the fourth microlens array 1 77. 
[0086] As shown in Fig. 7, for example : with the third 
harmonic generating unit 17 having the configuration 
described above, power of the second harmonics hav- 
ing the wavelength of 457 nm generated by the first non- 
linear optical crystal 1 72 is about 2 W, and efficiency of 
conversion from the second harmonics having the 
wavelength of 457 nm to the third harmonics having the 
wavelength of 305 nm is about 60%. 
[0087] An average power of one third harmonic is 1 .2 
W; repetition frequency is 1 MHz; pulse width is 0.5 ns; 
beam size is 5 x 10" 4 cm 2 ; and peak power density is 
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4.8 X 10 s W/cm 2 . 

[0088] The configuration of the illuminating optical 
system 1 8 will next be described. 
[0089] As shown in Fig. 6, the illuminating optical sys- 
tem 18 has relay lenses 181 and 182 and cylindrical 
lenses 183 and 184. 

[0090] The relay lens 1 81 condenses the N third har- 
monics TRD1 to TRDN generated by the fourth micro- 
lens array 177 of the third harmonic generating unit 17 
such that images of the third harmonics TRD1 to TRDN 
are superimposed on each other. 
[0091] The relay lens 182 converts the images of the 
third harmonics condensed by the relay lens 181 into a 
collimated light beam, and emits the collimated light 
beam to the cylindrical lens 183. 
[0092] The cylindrical lens 183 emits the collimated 
light beam, obtained by the relay lens 182, of the images 
of the third harmonics spatially (temporally) superim- 
posed on each other to the cylindrical lens 1 84 at a wide 
angle so that an area to be irradiated with the collimated 
light beam is widened. 

[0093] The cylindrical lens 184 then irradiates a pre- 
determined irradiation area with the N third harmonics 
spatially (temporally) superimposed on each other and 
widened by the cylindrical lens 183 in a form of a line. 
[0094] Operation of the above-described configura- 
tion will next be described. 

[0095] The master laser 11 emits reference laser 
pulse light RPref having a wavelength of 914 nm and a 
pulse width of 0.5 ns to the beam expander 12. 
[0096] The beam expander 1 2 converts the reference 
laser pulse light RPref in the form of a thin collimated 
light beam emitted from the master laser 11 into a thick 
collimated light beam, and then emits the thick collimat- 
ed light beam to the microlens array 13. 
[0097] In the microlens array 13, the N microlenses 

13- 1 to 13-N disposed in an entrance area of the refer- 
ence laser pulse light RPref converted into the thick col- 
limated light beam by the beam expander 1 2 divide the 
reference laser pulse light RPref into N pieces of light 
(images). 

[0098] The divided pieces of reference laser pulse 
light DRPrefl to DRPrefN are focused on one end sur- 
face of the corresponding optical fiber amplifiers 1 4-1 to 

14- N, respectively, to be thereby propagated through 
the optical fiber amplifiers 14-1 to 14-N, respectively. 
[0099] Excitation light having a wavelength of 808 nm 
from the excitation laser light sources 15-1 to 15-N is 
propagated to the optical fiber amplifiers 14-1 to 14-N 
via the optical fibers 16-1 to 16-N and the optical fiber 
couplers 141-1 to 141 -N, respectively. The optical fiber 
amplifiers 14-1 to 14-N are thereby brought into an ex- 
cited state. 

[0100] Accordingly, the divided pieces of reference la- 
ser pulse light DRPrefl to DRPrefN being propagated 
through the optical fiber amplifiers 14-1 to 14-N are each 
amplified with an induction gain corresponding to inten- 
sity of the excitation light to compensate for a reduction 



in optical power caused by dividing the reference laser 
pulse light RPref, and then the divided pieces of refer- 
ence laser pulse light DRPrefl to DRPrefN are emitted 
from the other end surfaces of the optical fiber amplifiers 

5 14-1 to 14-N to the third harmonic generating unit 17. 
[0101] TheN optical fiber amplifiers 14-1 to 14-N with 
such an amplifying function are provided with propaga- 
tion delay characteristics different from each other for 
the divided pieces of reference laser pulse light DRPrefl 

10 to DRPrefN, that is, the propagating light. 

[01 02] Specifically, the optical fiber amplifiers 1 4-1 to 
14-N are set to increase their length by 10 cm progres- 
sively in that order from the length L1 of the optical fiber 
amplifier 14-1 so as to have a propagation delay time of 

15 0.5 ns, which is the pulse width of the divided pieces of 
reference laser pulse light DRPrefl to DRPrefN. Thus, 
the divided pieces of reference laser pulse lightDRPrefl 
to DRPrefN emitted from the optical fiber amplifiers 14-1 
to 1 4-N are emitted to the third harmonic generating unit 

20 1 7 with a timing relation representing a shift of 0.5 ns. 
[0103] The divided pieces of reference laser pulse 
lightDRPrefl to DRPrefN having the wavelength of 914 
nm emitted from the other end surfaces of the N optical 
fiber amplifiers 14-1 to 14-N enter the first microlens ar- 

25 ray 1 71 in the third harmonic generating unit 1 7. 

[0104] In the first microlens array 171, the N micro- 
lenses 171-1 to 1 71 -N disposed so as to correspond to 
the end surfaces of the optical fiber amplifiers 14-1 to 
14-N for emitting the divided pieces of reference laser 

30 pulse light DRPrefl to DRPrefN condense the divided 
pieces of reference laser pulse light DRPrefl to DRPre- 
fN, and emit the resulting pieces of reference laser pulse 
light DRPrefl to DRPrefN to their respective predeter- 
mined positions of the first nonlinear optical crystal 1 72. 

35 [0105] The first nonlinear optical crystal 172 converts 
the wavelength, which is 91 4 nm, of each of the divided 
pieces of reference laser pulse light DRPrefl to DRPre- 
fN incidentthereon on the basis of nonlinear polarization 
to thereby generate second harmonics having a wave- 

40 length of 457 nm. 

[0106] Thesecond harmonics SND1 toSNDNandthe 
divided pieces of reference laser pulse light DRPrefl to 
DRPrefN generated by the first nonlinear optical crystal 
172 are 'emitted to the second microlens array 1 73. 

45 [0107] TheN microlenses 173-1 to 173-N disposed in 
the second microlens array 1,73 so as to correspond to 
the end surface portions of the first nonlinear optical 
crystal 172 for emitting the divided pieces of reference 
laser pulse light DRPrefl to DRPrefN and the second 

so harmonics SND1 to SNDN convert the divided pieces 
of reference laser pulse light DRPrefl to DRPrefN and 
the second harmonics SND1 to SNDN into collimated 
light beams, and then emit the collimated light beams to 
the half-wave plate 1 74. 

55 [01 08] Of the divided pieces of reference laser pulse 
light DRPrefl to DRPrefN and the second harmonics 
SND1 to SNDN entering the half-wave plate 1 74 via the 
second microlens array 173, the half-wave plate 174 
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preserves planes of polarization of the divided pieces of 
reference laser pulse light DRPref 1 to DRPrefN as they 
are, and then emits the divided pieces of reference laser 
pulse light DRPrefl to DRPrefN to the third microlens 
array 175. 

[0109] On the other hand, the half-wave plate 1 74 ro- 
tates planes of polarization of the second harmonics 
SND1 to SNDN by 90° , and then emits the second har- 
monics SND1 to SNDN to the third microlens array 175. 
[0110] The N microlenses 1 75-1 to 175-N disposed in 
the third microlens array 175 so as to correspond to the 
end surface portions of the half-wave plate 1 74 for emit- 
ting the divided pieces of reference laser pulse light 
DRPrefl to DRPrefN and the second harmonics SND1 
to SNDN whose planes of polarization are rotated by 
90° condense the divided pieces of reference laser 
pulse light DRPrefl to DRPrefN and the second har- 
monics SND1 to SNDN. and enterthe divided pieces of 
reference laser pulse light DRPrefl to DRPrefN and the 
second harmonics SND1 to SNDN into their respective 
predetermined positions of the second nonlinear optical 
crystal 176. 

[0111] The second nonlinear optical crystal 176 per- 
forms sum frequency mixing of the divided pieces of ref- 
erence laser pulse light DRPrefl to DRPrefN having the 
wavelength of 914 nm and the second harmonics SND1 
to SNDN having the wavelength of 457 nm entered 
therein, thereby generating third harmonics TRD1 to 
TRDN having a wavelength of 305 nm. 
[0112] The generated third harmonics TRD1 to TRDN 
are then emitted from the second nonlinear optical crys- 
tal 1 76 to the fourth microlens array 1 77. 
[01 1 3] The N microlenses 1 77-1 to 1 77-N disposed in 
the fourth microlens array 177 so as to correspond to 
the end surface portions of the second nonlinear optical 
crystal 176 for emitting the third harmonics TRD1 to 
TRDN convert the third harmonics TRD1 to TRDN into 
collimated light beams, and then emit the collimated 
light beams to the illuminating optical system 18 in the 
next stage. 

[0114] The relay lens 181 in the illuminating optical 
system 18 condenses the N third harmonics TRD1 to 
TRDN generated by the third harmonic generating unit 
17 such that images of the third harmonics TRD1 to 
TRDN are superimposed on each other. Further, the re- 
lay lens 1 82 converts the images of the third harmonics 
condensed by the relay lens 1 81 into a collimated light 
beam. 

[0115] The cylindrical lens 183 next emits the colli- 
mated light beam, obtained by the relay lens 182, of the 
images of the third harmonics spatially (temporally) su- 
perimposed on each other to the cylindrical lens 184 at 
a wide angle so that an area to be irradiated with the 
collimated light beam is widened. 
[0116] The cylindrical lens 184 then irradiates a pre- 
determined irradiation area with the N third harmonics 
spatially (temporally) superimposed on each other and 
widened by the cylindrical lens 183 in a form of a line. 



[0117] As described above, the laser apparatus ac- 
cording to the present embodiment includes: the master 
• laser 11 for emitting reference laser pulse light RPref 
having a wavelength of 914 nm and a pulse width of 0.5 

5 ns; the microlens array 13 for dividing the reference la- 
ser pulse light RPref converted into a thick collimated 
light beam by the beam expander 12 into N pieces of 
light; the optical fiber amplifiers 14-1 to 14-N for ampli- 
fying the divided pieces of reference laser pulse light 

10 DRPrefl to DRPrefN propagated therethrough, the op- 
tical fiber amplifiers 14-1 to 14-N being set to increase 
their length progressively in that order so as to have a 
propagation delay time of 0.5 ns, which is the pulse 
width of the divided pieces of reference laser pulse light 

15 DRPrefl to DRPrefN; the third harmonic generating unit 
17 for receiving the divided pieces of reference laser 
pulse light DRPrefl to DRPrefN having the wavelength 
of 914 nm emitted from the other end surfaces of the 
opticaU iber amplifiers 14-1 to 14-N, and generating third 

20 harmonics TRD1 to TRDN having a wavelength of 305 
nm and a pulse width of 0.5 ns; and the illuminating op- 
tical system 18 for emitting pulse light obtained by suc- 
cessively disposing N pieces of laser pulse light of the 
third harmonics TRD1 to TRDN obtained by wavelength 

25 conversion by the third harmonic generating unit 17 in 
parallel with each other and then subjecting the N pieces 
of laser pulse light to so-called time multiplexing, the ob- 
tained pulse light having a pulse width N or more times 
the pulse width of 0.5 ns of the reference laser pulse 

30 light RPref. Therefore, the laser apparatus has advan- 
tages of being able to be miniaturized, being able to sta- 
bilize output pulses, and accordingly making it possible 
to miniaturize and stabilize laser annealing apparatus 
and the like. 

35 [01 18] Thus, the laser apparatus 1 0 is suitable for use 
in a laser annealing apparatus, and is able to be minia- 
turized and stabilized. The reasons for this will be de- 
scribed in the following. 

[0119] A laser annealing apparatus is used in a stage 
40 for manufacturing TFTs used in an active matrix display 
such as an LCD employing liquid crystal as electro-op- 
tical material or a display employing an organic EL de- 
vice as electro-optical material, for example. 
[0120] More specifically, when polysilicon having a 
45 carrier mobility higher than that of amorphous silicon (a- 
Si) film by about two orders of magnitude is to be formed 
on a glass substrate, a laser annealing apparatus is 
used in a manufacturing stage where the a-Si film is an- 
nealed by laser light to be recrystaliized into polysilicon 
so fi| m to avoid thermal deformation and the like of the 
glass substrate. 

[0121] A pixel using an organic EL device, for exam- 
ple, as a light-emitting device will be briefly described in 
the following with reference to Fig. 8 and Fig. 9. 
55 [0122] Fig. 8 is a diagram of an equivalent circuit of a 
pixel using an organic EL device. 
[0123] As shown in Fig. 8, the pixel 30 has a light- 
emitting device 31 formed by the organic EL device, a 
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first TFT 32, a second TFT 33, and a retaining capacitor 
34. 

[0124] Since the organic EL device has a rectifying 
property in many cases, the organic EL device may be 
referred to as an organic light-emitting diode (OLED). In 5 
Fig. 8, a symbol of a diode is used for the light-emitting 
device 31 . 

[01 25] In the example of Fig. 8, a source of the second 
TFT 33 is connected to a reference potential (ground 
potential GND). An anode of the light-emitting device 31 10 
is connected to a power supply potential Vdd, and a 
cathode of the light-emitting device 31 is connected to 
a drain of the second TFT 33. The first TFT 32 has a 
gate connected to a scanning line SCAN, a source con- 
nected to a data line DATA, and a drain connected to 
the retaining capacitor 34 and a gate of the second TFT 
33. 

[0126] When the scanning line SCAN is brought into 
a selected state and a data potential Vw indicating 
brightness information is applied to the data line DATA 
to operate the pixel, the first TFT 32 conducts, the re- 
taining capacitor 34 is charged or discharged, and thus 
a gate potential of the second TFT 33 coincides with the 
data potential Vw. 

[0127] When the scanning line SCAN is brought into 
a non-selected state, the first TFT 32 is turned off, and 
thus the second TFT 33 is electrically disconnected from 
the data line DATA, while the gate potential of the sec- 
ond TFT 33 is stably retained by the retaining capacitor 
34. 

[0128] A current flowing to the light-emitting device 31 
via the second TFT 33 assumes a value corresponding 
to a gate-to-source voltage Vgs of the second TFT 33, 
and the light- emitting device 31 continues emitting light 
at a brightness corresponding to the amount of current 
supplied via the second TFT 33. 
[0129] Fig. 9 is a diagram schematically showing sec- 
tional structure of the pixel shown in Fig. 8. For simplic- 
ity, however, Fig. 9 shows only the. light-emitting device 
31 and the second TFT 33. 

[0130] As shown in Fig. 9, the light-emitting device 31 
is formed by stacking a transparent electrode 311, an 
organic EL layer 312, and a metallic electrode 313 in 
that order. 

[0131] The second TFT 33 is formed by a gate elec- 
trode 332 formed on a glass substrate 331 , a gate insu- 
lating film 333 formed by Si0 2 or the like laid on an upper 
surface of the gate electrode 332, and a semiconductor 
thin film 334 laid over the gate electrode 332 with the 
gate insulating film 333 intermediate between the sem- 
iconductor thin film 334 and the gate electrode 332. The 
second TFT 33 has a source S, a channel Ch, and a 
drain D that form a passageway for current to be sup- 
plied to the light-emitting device 31 . The channel Ch is 
located directly above the gate electrode 332. 
[0132] The second TFT 33 having this bottom-gate 
structure is covered by an interlayer insulating film 335. 
A source electrode 336 and a drain electrode 337 are 



formed on the interlayer insulating film 335. The light- 
emitting device 31 is formed above these components 
with another interlayer insulating film 338 intermediate 
between the light-emitting device 31 and the compo- 
nents. 

[0133] A process for fabricating the second TFT 33 is 
substantially as follows. 

[0134] The gate electrode 332, the gate insulating film 
333, and the semiconductor thin film 334 of a-Si are se- 
quentially deposited and patterned on the glass sub- 
strate 331 to thereby form the second TFT 33. 
[0135] In this case, a laser annealing apparatus in- 
cluding the laser apparatus according to the present in- 
vention is used to anneal the a-Si film by laser light to 
recrystallize the a-Si film into polysilicon film. 
[0136] Thus, it is possible to fabricate the TFT 33 hav- 
ing a higher carrier mobility and a higher current driving 
capability as compared with a-Si. 
[0137] Reasons thatthe laser apparatus 1 0 according 
to the present invention can be used in a laser annealing 
apparatus in place of a XeCI excimer laser will be de- 
scribed in the following. 

[0138] As described above, the pulse repetition fre- 
quency of the near-infrared master laser 11 having the 
wavelength of 914 nm is 1 MHz or more, and is suffi- 
ciently higher than the pulse repetition frequency of a 
XeCt excimer laser of 300 Hz. However, the pulse width 
of the master laser 1 1 is generally smaller than the pulse 
width of the XeCI excimer laser. 
[0139] Accordingly, the pulse width of the ultraviolet 
light having the wavelength of 305 nm obtained by the 
wavelength conversion described above is also smaller 
than the pulse width of the XeCI excimer laser. It is there- 
fore relatively easy to achieve high optical density. How- 
ever, when a-Si is irradiated with the ultraviolet light hav- 
ing the wavelength of 305 nm obtained by the wave- 
length conversion, it instantaneously reaches an abso- 
lute temperature of 3400° K, as shown in Fig. 1 0. 
[0140] This temperature is in an upper limit range of 
temperatures 1 000 to 3500°C suitable for melting a-Si, 
and therefore may evaporate the a-Si. 
[0141] The laser apparatus 10 according to the 
present invention, however, equivalent^ increases the 
pulse width of the near-infrared master laser by using 
the plurality of optical fiber amplifiers 14-1 to 14-N for 
amplifying the divided pieces of reference laser pulse 
light DRPref 1 to DRPrefN propagated therethrough, the 
optical fiber amplifiers 14-1 to 1 4-N being set to increase 
their length progressively in that order so as to have a 
propagation delay time of 0.5 ns, which is the pulse 
width of the divided pieces of reference laser pulse light 
DRPrefl to DRPrefN. The laser apparatus 10 thereby 
increases the pulse width of the third harmonics having 
the wavelength of 305 nm generated by using the two 
nonlinear optical crystals, and obtains optical energy 
sufficient to melt the silicon surface. 
[0142] Specifically, when a-Si is irradiated with the ul- 
traviolet light having the wavelength of 305 nm obtained 
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from the illuminating optical system 18 by the wave- 
length conversion, it reaches an absolute temperature 
of about 1600° K, as shown in Fig. 11. Thus, the laser 
apparatus 10 according to the present invention can 
generate laser light most suitable for recrystallization of 
a-Si. 

[0143] In other words, the fluence required to anneal 
a TFT using a XeCI excimer laser having a wavelength 
of 308 nanometers is a few hundred mJ/cm 2 , and the 
pulse width is about 20 ns. 

[0144] When a near-infrared laser commercialized as 
a microchip laser is used for the master laser, on the 
other hand, the required fluence can be readily obtained 
by amplification using the fiber amplifiers and genera- 
tion of third harmonics. Since the pulse width of the mi- 
crochip laser is 0.5 ns, however, peak optical density of 
the microchip laser is 20 times that of the XeCI excimer 
laser underthe same fluence. Hence, the silicon surface 
is melted momentarily, but the temperature cannot be 
retained, so that time response of temperature sufficient 
to anneal the silicon cannot be realized. 
[01 45] Thus, the laser apparatus 1 0 according to the 
present invention obtains optical energy sufficient to 
melt the silicon surface by performing the operation for 
increasing the pulse width while maintaining the total flu- 
ence. 

[0146] Fig. 10 is a temperature profile when a-Si is 
irradiated with pulse light having a pulse width of 0.5 ns 
at 1 00 mJ/cm 2 . . 

[0147] Fig. 11 is a temperature profile when a-Si is ir- 
radiated with pulse light having a pulse width of 10 ns 
at 1 00 mJ/cm 2 . 

[0148] Assuming a laser apparatus 10A using 20 of 
optical fiber amplifiers 14-1 to 14-N having different 
propagation delay characteristics, for example, a pulse 
can be stretched at 10/0.5 = 20 (degree of time multi- 
plexing of 20), and irradiation laser light of 75 jxm x 75 
ujTi as shown in Fig. 12 can be obtained. 
[0149] In this case, letting an irradiated area be S, flu- 
ence F is given by the following equations: 

[Equation 3] 
F - 0.4 J/cm 2 = 1 .2 W/1 MHz/S cm 2 



[Equation 4] 
S = 3 x 10" 6 cm 2 = 3 x 10 2 u,m 2 

[0150] In addition, as shown in Fig. 13, irradiation la- 
ser light of 77.5 u.m x 387 u.rn can be obtained by em- 
ploying five laser apparatus 1 0A in parallel with each 
other (degree of spatial multiplexing of 5), which appa- 
ratus each use 20 of optical fiber amplifiers 1 4-1 to 14-N 
having different propagation delay characteristics, for 
example. 



[0151] In this case, 100S = 300 x 10" 6 cm 2 , and rep- 
etition frequency is 1 MHz. 

[0152] Incidentally, in the case of the XeCI excimer la- 
ser, S = 0.8 cm 2 , and repetition frequency is 300 Hz. 

5 [01 53] It is to be noted that while the above description 
assumes that the induction gains of the optical fiber am- 
plifiers 14-1 to 14-N are substantially equal to each oth- 
er, a desired pulse waveform can be realized when an 
optical amplification factor (gain) that differs according 

10 to propagation delay time is provided by configuring the 
laser apparatus such that the induction gain can be set 
for each of the optical fiber amplifiers 14-1 to 14-N, or 
specifically, configuring the laser apparatus such that 
the output power of each of the excitation laser light 

15 sources 15-1 to 15-N can be adjusted individually. 
[0154] Specifically, an arbitrary annealing pulse 
waveform as shown in Fig. 15 can be generated as an 
envelope obtained by adjusting amplitude and delay 
time of each pulse train and superimposing resulting 

20 outputs on each other by using a lens 40 as shown in 
Fig. 14 or the like. 

[0155] While the preferred embodiments have been 
described using specific terms, such description is for 
illustrative purposes only, and it is to be understood that 
25 changes and variations may be made without departing 
from the spirit or scope of the following claims. 



Claims 

30 

1 . A laser apparatus comprising : 

a laser light source for emitting reference laser 
pulse light having a predetermined wavelength 
35 and a predetermined pulse width; 

a plurality of optical fibers having different prop- 
agation delay characteristics for propagating 
- light; 

light dividing means for dividing the reference 
40 laser pulse light emitted from said laser light 

source into a plurality of pieces of light to prop- 
agate each of the divided pieces of reference 
laser pulse light through one of said plurality of 
optical fibers; and 
45 light combining means for successively dispos- 

ing the divided pieces of reference laser pulse 
light propagated through said plurality of optical 
fibers and emitted from said plurality of optical 
fibers in parallel with each other and emitting 
so laser pulse light having a pulse width greater 

than the pulse width of the reference laser pulse 
light. 

2. A laser apparatus as claimed in claim 1 , wherein 
55 said light combining means includes: 

wavelength changing means for changing 
wavelength of the divided pieces of reference 
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a plurality of optical fiber amplifiers having dif- 
ferent propagation delay characteristics for 
propagating light for amplifying the propagating 
light with a gain corresponding to intensity of 
5 excitation light supplied thereto; 

excitation light supplying means for supplying 
the excitation light to said plurality of optical fib- 
er amplifiers; 

light dividing means for dividing the reference 
10 laser pulse light emitted from said laser light 

source into a plurality of pieces of light to prop- 
agate each of the divided pieces of reference 
. laser pulse light through one of said plurality of 
optical fiber amplifiers; and 
15 light combining means for successively dispos- 

ing the divided pieces of reference laser pulse 
light propagated through said plurality of optical 
fiber amplifiers and emitted from said plurality 
of optical fiber amplifiers in parallel with each 
20 other and emitting laser pulse light having a 

pulse width greater than the pulse width of the 
reference laser pulse light. 

8. A laser apparatus as claimed in claim 7, wherein 
25 said light combining means includes: 

wavelength changing means for changing 
wavelength of the divided pieces of reference 
laser pulse light emitted from said plurality of 
30 optical fiber amplifiers to a wavelength shorter 

than the predetermined wavelength; and 
an optical system for successively disposing 
the plurality of pieces of laser pulse light 
changed in wavelength by said wavelength 
35 changing means in parallel with each other and 

emitting laser pulse light having a pulse width 
greater than the pulse width of the reference 
laser pulse light. 

40 9. A laser apparatus as claimed in claim 8, wherein 
said wavelength changing means includes at least 
one nonlinear optical crystal for generating an n-or- 
der harmonic (n is an integer of two or more) on the 
basis of incident light. 



45 



10. A laser apparatus as claimed in claim 8, wherein 
said wavelength changing means includes: 



laser pulse light emitted from said plurality of 
optical fibers to a wavelength shorter than the 
predetermined wavelength; and 
an optical system for successively disposing 
the plurality of pieces of laser pulse light 
changed in wavelength by said wavelength 
changing means in parallel with each other and 
emitting laser pulse light having a pulse width 
greater than the pulse width of the reference 
laser pulse light. 

3. A laser apparatus as claimed in claim 2, wherein 
said wavelength changing means includes at least 
one nonlinear optical crystal for generating an n-or- 
der harmonic (n is an integer of two or more) on the 
basis of incident light. 

4. A laser apparatus as claimed in claim 2, wherein 
said wavelength changing means includes: 

a first nonlinear optical crystal for receiving the 
divided pieces of reference laser pulse light 
emitted from said plurality of optical fibers, gen- 
erating a plurality of second harmonics, and 
emitting the plurality of divided pieces of refer- 
ence laser pulse light and the plurality of sec- 
ond harmonics; and 

a second nonlinear optical crystal for generat- 
ing third harmonics on the basis of the plurality 
of divided pieces of reference laser pulse light 
and the plurality of second harmonics emitted 
from said first nonlinear optical crystal; and 
said optical system successively disposes the 
plurality of third harmonics emitted from said 
second nonlinear optical crystal in parallel with 
each other and emits laser pulse light having a 
pulse width greater than the pulse width of the 
reference laser pulse light. 

5. A laser apparatus as claimed in claim 1, wherein 
said plurality of optical fibers are each set at a dif- 
ferent propagation length so that the pieces of laser 
pulse light are sequentially emitted with a propaga- 
tion delay time corresponding to the pulse width of 
the reference laser pulse light. 

6. A laser apparatus as claimed in claim 2, wherein 
said plurality of optical fibers are each set at a dif- 
ferent propagation length so that the pieces of laser 
pulse light are sequentially emitted with a propaga- so 
tion delay time corresponding to the pulse width of 
the reference laser pulse light. 

7. A laser apparatus comprising: 

55 

a laser light source for emitting reference laser 
pulse light having a predetermined wavelength 
and a predetermined pulse width; 



a first nonlinear optical crystal for receiving the 
divided pieces of reference laser pulse light 
emitted from said plurality of optical fiber am- 
plifiers, generating a plurality of second har- 
monics, and emitting the plurality of divided 
pieces of reference laser pulse light and the 
plurality of second harmonics; and 
a second nonlinear optical crystal for generat- 
ing third harmonics on the basis of the plurality 
of divided pieces of reference laser pulse light 
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and the plurality of second harmonics emitted 
from said first nonlinear optical crystal; and 
said optical system successively disposes the 
plurality of third harmonics emitted from said 
second nonlinear optical crystal in parallel with 5 
each other and emits laser pulse light having a~ 
pulse width greater than the pulse width of the 
reference laser pulse light. 

11. A laser apparatus as claimed in claim 7, wherein 10 
said plurality of optical fiber amplifiers are each set 

at a different propagation length so that the pieces 
of laser pulse light are sequentially emitted with a 
propagation delay time corresponding to the pulse 
width of the reference laser pulse light. . *5 

12. A laser apparatus as claimed in claim 8, wherein 
said plurality of optical fiber amplifiers are each set 
at a different propagation length so that the pieces 

of laser pulse light are sequentially emitted with a 20 
propagation delay time corresponding to the pulse 
width of the reference laser pulse light. 

13. A laser apparatus as claimed in claim 7, wherein 
intensity of the excitation light supplied to said plu- 25 
rality of optical fiber amplifiers is set at a desired 
value for each of said plurality of optical fiber ampli- 
fiers. 

30 
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14. A laser apparatus as claimed in claim 8, wherein 
intensity of the excitation light supplied to said plu- 
rality of optical fiber amplifiers is set at a desired 
value for each of said plurality of optical fiber ampli- 
fiers. 
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